INTRODUCTION
============

Atopic dermatitis (AD) starts usually in infancy, and takes a very chronic relapsing course. Clinically many different features are seen, and sometimes it is difficult to diagnose correctly. Diagnostic criteria for AD in each country may be a little different, although based on the criteria proposed by Hanifin and Rajka \[[@B1]\].

AD is very common and affects 10%-30% of the general population \[[@B2], [@B3]\]. The prevalence of AD appears to be steadily increasing, at least in developing countries. AD has a genetic background strongly influenced by environmental factors. In a recent breakthrough in the genetics of AD, a mutation of filaggrin (FLG) was found specifically in patients \[[@B4]\]. Pathogenetically this means the epidermal barrier defect hypothesis gains support as a primary event in the evolution of AD rather than immunological aberrations \[[@B2], [@B5]\]. For treatment, the correction of barrier defect is the first practical step before specific therapies such as topical corticosteroids (TCSs), and/or topical calcineurin inhibitors (TCIs).

EPIDEMIOLOGY
============

AD is very common disease. However, it is impossible to know the exact prevalence of AD in each country. Prevalence data in each country is usually based on questionnaire studies like International study of Asthma and Allergies in Childhood (ISAAC) \[[@B6], [@B7]\]. ISAAC is very simple to administer, but based on individual answers, so the prevalence of AD is quite commonly overestimated. If well-trained physicians examine the skin directly, they can find easily that actual prevalence is lower than that reported by questionnaire study.

Is this condition increasing worldwide? Some studies show increases in the last 10-20 years \[[@B8], [@B9]\]. Other studies, especially in Norway \[[@B10]\] and Denmark \[[@B11]\], indicate that the prevalence is approaching a plateau in recent years \[[@B12]\]. A very recent report from Korea based on the direct observation of skin by dermatologists shows that the prevalence in preschool children was lower than the questionnaire-based estimate (9.2% vs. 19.1%) \[[@B3]\].

It is difficult to determine the real prevalence, but my estimation is that it is still increasing in many developing countries affecting over 10% of the population while reaching a plateau at around 20% in Western countries. In Korea it seems to be still increasing compared to the past \[[@B13]\]. About 10% of those of pediatric age are affected, decreasing with age to about 3% of the adult population suffering from AD, similar to Japan \[[@B14], [@B15]\].

PATHOGENESIS
============

Certainly genetic factors play an important role in the development of AD although the exact gene is not confirmed yet. Recently there was a real breakthrough in the genetic study of AD, and FLG mutation was found in many patients with AD \[[@B4]\].

Two pathogenetic mechanisms have been proposed \[[@B2]\] ([Fig. 1](#F1){ref-type="fig"}). Traditionally immunological aberrations are thought to be a primary event in the initial development of AD \[[@B16]\]. In the early stage of AD, so-called Th2 immunity predominates leading to increased IL-4, IL-5, IL-13, and IgE, but when it becomes chronic, Th1 immunity also prevails. This immunologically abnormal reaction occurs first and then the epidermal inflammation follows subsequently leading to epidermal barrier defects (\"inside-to-outside hypothesis\").

The other school of thought assumes that there is an intrinsic defect in the epithelial cells, that is, a defect in epidermal barrier. Due to this barrier defect allergens or many irritant stimuli can easily penetrate the epidermal barrier, and induce immunologic reaction secondarily (\"outside-to-inside hypothesis\").

These days more emphasis is given to the barrier defect in the early changes in the evolution of AD since the FLG mutation was reported. One of the most important recent discoveries is of FLG mutation in a significant number of AD patients \[[@B4]\]. FLG is a very important protein not only to maintain the mechanical epidermal barrier by assembling keratin filaments but also to give the skin moisture by producing natural moisturizing factor through its breakdown products. The loss of FLG thus leads to epidermal barrier defect \[[@B17], [@B18]\]. However, FLG mutation was reported in different ethnicities, actually exists in about 30% of the AD patients \[[@B19]-[@B22]\], and cannot explain all the clinical symptoms observed \[[@B17]\].

Epidermal barrier defects can be measured more objectively and easily by checking transepidermal water loss or hydration status \[[@B23]\]. We can apply this phenomenon more practically to therapy than immunologic alterations. Maintaining skin hydration by supplementing the epidermal barrier defect is the most important part of AD therapy in terms of this barrier correction \[[@B24]\].

The skin of AD patients is frequently colonized with *Staphylococcus aureus* (*S. aureus*). *S. aureus*-derived superantigens may be involved in disease aggravation \[[@B25]\], and systemic antibiotics help reduce the severity of disease in selected cases.

In the evolution of AD, the clinical forms are changed into one that is aggravated by autoimmunity against its own proteins due to chronic itching \[[@B2], [@B26]\].

CLINICAL MANIFESTATIONS
=======================

Clinical features of AD are quite different from person to person. Sometimes it is quite difficult to reach a final diagnosis of AD. In 1980 Hanifin and Rajka \[[@B1]\] proposed an array of major and minor features of AD based on the history and clinical picture, and this is the basis for the diagnostic criteria in each country. There is no specific marker for AD and this means that AD is a kind of syndrome based on the various clinical manifestations.

Clinically it usually starts around 2 months of age, and affects face and extensor surface of extremities typically in those below 2 years of age. These predilection sites are actually exposed areas prone to external irritation. The area around the mouth is typically affected due to irritation of saliva ([Fig. 2](#F2){ref-type="fig"}), and sometimes periorbital area is also involved due to irritation of tears. With age over 2 years, flexural areas such as antecubital fossa, popliteal fossa, neck, ankle, wrist, and infragluteal folds are typically involved ([Fig. 3](#F3){ref-type="fig"}). Skin dryness is usually severe even in those areas not showing eczematous features.

Sometimes it is difficult to make the final diagnosis of AD when patients show atypical clinical features. That is why we need diagnostic criteria for AD. Recently Korean diagnostic criteria for AD were reported \[[@B27]\] ([Table 1](#T1){ref-type="table"}) and are now under revision for more accurate diagnosis. These should be easy and suitable for field study in Korea. In fact there are many additional or minor clinical features such as scalp scaling, pityriasis alba, periauricular eczematization usually in the form of infraauricular and/or postauricular fissure, anterior neck folds, nipple eczema, palmar hyperlinearity, infragluteal eczema, and nonspecific hand-foot eczema. These features may be different according to ethnic background and age \[[@B28]-[@B31]\]. Periauricular eczematization ([Fig. 4](#F4){ref-type="fig"}) is observed in around 60% of the Korean pediatric patients \[[@B32]\].

AD patients are prone to infections \[[@B33]\]. One of the explanations for the increased risk of cutaneous infections in AD is that the secretion of antimicrobial peptides such as defensins or cathelicidins that are important in innate immunity is decreased in AD \[[@B34], [@B35]\]. Eczematous skin lesions are frequently complicated by bacterial and viral infections. Bacterial infections presenting usually as folliculitis or furuncles are common. The skin manifestations of herpes simplex infection are often very severe involving large area of eczema lesions, so-called eczema herpeticum. Molluscum contagiosum are quite common, too.

In the adult type of AD in Korea, there are some differences from the childhood type. Onset age of AD seems to be a little later in adult type. The prevalence of respiratory atopy (asthma and allergic rhinitis) was higher and flexural dermatitis is more conspicuous in adult group \[[@B36]\]. Those adult patients with a much more severe form of AD refractory to the conventional therapies have increased recently.

Another classification of AD is that there are two forms, namely intrinsic and extrinsic \[[@B2], [@B37], [@B38]\]. Intrinsic form looks exactly same as the extrinsic form clinically, but lacks evidence for external sensitization. It shows neither elevated IgE, nor specific IgE to certain allergens. As expected, many of the infant patients have this intrinsic form, but they become sensitized to different allergens as they grow older, and become extrinsic patients.

TREATMENTS
==========

AD is a disease that can be controlled effectively with topical and/or systemic treatments and fortunately spontaneously disappears with age. Only in some cases are they very resistant to therapies \[[@B39]-[@B43]\].

General measures
----------------

It is very important to educate patients to perform general measures such as avoiding aggravating factors and maintaining their skin clean and moist. Bathing hydrates skin, and removes possible allergens and irritants. Moisturizing immediately after bath further increases moisture contents of the skin, and can reduce the amount of topical steroids applied \[[@B24]\]. General recommendation for bathing is once daily with tepid water for approximately 10 to 20 minutes. Patients should avoid irritating materials including strong alkaline soaps, wool, and dirt. They should wear cotton clothes. Patients with AD quite commonly itch when they become anxious, frustrated or angry.

Allergic causation (food or aeroallergens) is frequently a concern of patients and especially of parents whose children have the disease. In many cases of AD with children, food may be an aggravating factor. However, it is not recommended that certain foods such as milk or eggs be absolutely avoided by all AD patients by simple conjectural correlation of those foods with the actual aggravation of their AD. AD can also be exacerbated by a wide variety of infections, including upper respiratory infections, herpes simplex as well as the very common *S. aureus* infections.

Topical corticosteroids
-----------------------

The mainstay treatment to reduce inflammation is still TCS. Generally weakest preparations are applied to face and genital areas and strongest ones are applied to hands and feet. Many patients have unwarranted steroid phobia and the proper use of TCS and patients education is utmost important. To reduce the use of TCS, we recommend patients that dryness of the skin be first managed with moisturizers and emollients as much as possible.

Topical calcineurin inhibitors
------------------------------

There are two topical forms, tacrolimus ointment and pimecrolimus cream. It effectively inhibits calcineurin (actually phosphatase) in T cells and mast cells, and blocks the synthesis of inflammatory cytokines from the immune cells. Both tacrolimus ointment (0.1% and 0.03%, Protopic®) and pimecrolimus 1% cream (Elidel®) are very effective especially in the face and neck lesions. Obviously, absorption into systemic circulations is minimal both in children and adults, and long-term safety is well established. They do not affect collagen synthesis, and do not cause skin atrophy contrary to TCS. That is why these can be applied safely and effectively to sensitive skin areas such as periorbital and intertriginous skin. Topical irritation in the form of burning, erythema or pruritus transiently felt after application is well tolerated.

Current practice is proactive treatment especially using tacrolimus ointment \[[@B44]\]. Proactive treatment means it is applied regularly 2-3 times a week even to the healthy looking areas of previously affected sites to prevent recurrences of AD.

Very recently it has been observed that topical use of TCIs would in time increase the risk of skin cancer, especially lymphoma, but these remain only theoretical possibilities that, to date, is lacking clinical evidence \[[@B45]\].

Systemic antihistamines
-----------------------

Pruritus that is refractory to moisturizers and conservative measures can be treated with antihistamines to a certain extent. There are controversies over the effect of antihistamines on atopic pruritus. Nevertheless, it is common practice for many doctors to prescribe antihistamines. Compared with the newer, non-sedating antihistamines, the older, sedating agents such as hydroxyzine seem to be more effective in controlling pruritus. However, these agents can affect a child\'s ability to learn or an adult\'s ability to drive. If drowsiness is a problem, a non-sedating antihistamine can be tried.

Antibiotics
-----------

Antibiotics are used to treat secondary infections. Acute flare up of AD occurs frequently after infection and this usually can be relieved with a 5-7 day course of systemic antibiotic therapy such as first-generation cephalosporins and macrolide antibiotics. Secondarily infected crusted lesions are generally managed by soaking or wet-dressing the affected areas using cloths saturated with an aluminum acetate solution or a saline solution topically.

Systemic corticosteroids
------------------------

Systemic corticosteroids should be reserved for use in patients with severe treatment-resistant AD. Oral corticosteroids improve the lesions of AD, but a disease flare or rebound phenomenon usually occurs when systemic corticosteroids are stopped. This may lead to serious side effects of systemic corticosteroids in the end and should be discouraged.

Others in patients refractory to conventional treatments
--------------------------------------------------------

### Phototherapy

Phototherapy is sometimes effective in treating refractory AD. It is generally recommended that UVA-1 be used in the initial phase of treatment to manage acute, severe exacerbations of AD and is followed by 311 nm narrow-band UVB (NB-UVB) therapy as means of maintenance therapy \[[@B46]\]. Currently NB-UVB therapy is usual practice worldwide \[[@B47]\].

### Interferon-gamma

Western literature reported that subcutaneous administration of interferon-gamma (IFN-γ) has proven effective in up to 80% of AD patients. However, these days it is rarely used in AD, because it is not so effective at least in chronic forms of AD. In chronic eczematous skin lesions of patients with AD, expression of Th1 cytokine IFN-γ also predominates. It seems that enthusiasm for the IFN-γ as a biologic response modifier for severe AD is decreasing.

### Cyclosporine A

This is a very useful drug in severe AD. It has great benefit especially for severe patients who have required long-term corticosteroid therapy. Clinical improvement is usually noted within a few weeks of starting therapy. Dose is usually initiated at 5 mg per kg per day in healthy patients with no renal or cardiovascular disease history. Laboratory studies including renal function test and liver function test should be checked biweekly at first and then at least on a monthly basis, along with weekly blood pressure checks early in the course of cyclosporine therapy. Among various immunosuppressants tried in AD cyclosporine is best characterized in terms of its dose schedule and side effects \[[@B48]\]. It does not increase the possibility of infection \[[@B49]\]. However, recurrence was usually noted within 2-4 weeks after stopping cyclosporine. Generally speaking, cyclosporine seems to be one of the most effective treatment options.

### Mycophenolate mofetil

This immunosuppressive drug, once ingested, undergoes ester hydrolysis to its active form, mycophenolic acid (MPA). MPA blocks the proliferative responses of T and B lymphocytes. Oral mycophenolate mofetil is usually used at an initial dose of 1 g daily during the first week and 2 g daily for a further 11 weeks \[[@B50]\]. The most frequent side effect is GI trouble (nausea, vomiting, diarrhea) followed by hematologic effects (anemia, leukopenia, thrombocytopenia).

### Intravenous immunoglobulin

There are conflicting results about the efficacy of intravenous immunoglobulin (IVIG). IVIG (2 g/kg/dose) administered monthly for three doses can be safely and effectively given for the treatment of severe intractable AD. This is worth trials in pediatric patients \[[@B51], [@B52]\].

### Methotrexate

Methotrexate (MTX) is an antimetabolite (folate antagonist) and inhibits synthesis of inflammatory cytokine and chemotaxis of the immune cells. MTX is usually used as weekly regimen of three doses taken every 12 hours together with every day folate supplementation \[[@B53]\].

### Azathioprine (Imuran)

This drug is a purine analog with anti-proliferative and anti-inflammatory actions. A recent double blind placebo controlled study confirming its efficacy was reported in UK \[[@B54]\]. The main limitation of this is low onset of action, typically at least 4 weeks. Patients with deficient activity of thiopurine S-methyltransferase (TPMT) have increased risk for myelosuppression and the level of TPMT should be routinely tested before using this drug. In Korea, a routine checkup for TPMT is not available and this is not recommended.

### Immunotherapy

These days sublingual immunotherapy (SLIT) seems to be more commonly used, usually targeted against house dust mite than subcutaneous immunotherapy (SCIT) \[[@B55]\]. SLIT or SCIT is reported to work effectively for respiratory atopy such as allergic rhinitis or asthma, but appears to have only limited value in AD. This kind of immunotherapy appears to be disappointing considering the complex procedures, high costs, and prolonged duration of therapy, at least 1-2 years \[[@B56]\].

### Probiotics

It was reported that oral *Lactobacillus GG* supplementation given prenatally to mothers who had at least one first-degree relative with AD, allergic rhinitis or asthma, and postnatally for 6 months to their infants, reduces the risk of AD \[[@B57], [@B58]\]. However, there are currently insufficient data to recommend probiotics as standard therapy in AD.

![Two pathogenetic mechanisms. Which one is first, immunological aberrations (inside-to-outside hypothesis) or epidermal barrier defect (outside-to-inside hypothesis)? These days more emphasis is given to barrier defect in the early changes in the evolution of AD ever since FLG mutation was reported.\
FLG, filaggrin; Epid, epidermis; TEWL, transepidermal water loss; AD, atopic dermatitis.](apa-3-79-g001){#F1}

![Perioral area typically affected first due to irritation of saliva.](apa-3-79-g002){#F2}

![Flexural areas are typically affected in patients over 2 yr.](apa-3-79-g003){#F3}

![Periauricular eczematization.](apa-3-79-g004){#F4}

###### 

Korean diagnostic criteria for Atopic Dermatitis \[[@B27]\]
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Atopic Dermatitis Research Group (2006): diagnostic criteria in Korean (at least two of 4 major features and four of 14 minor features).
